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Background: Several methods have been recommended to detect parathyroid lesions in patients who
have previously undergone neck surgeries, including radio-guided surgery or intraoperative ultrasounds.
In this study, we aimed to investigate whether the radio-guided excision of pathologic parathyroid
lesions allowed us to ﬁnd affected lesions in patients who had previously undergone neck operations.
Methods: This prospective study included 18 patients with primary hyperparathyroidism who had
previously undergone neck surgeries. The pathologic parathyroid lesions were localized by ultrasonog-
raphy, and a radiotracer was injected directly into the lesions.
Results: Careful dissections were carried out by following the area of maximum radioactivity until the
lesions were identiﬁed and excised. Eighteen parathyroid adenomas were removed in 18 patients. The
median count from each lesion was signiﬁcantly higher than the values measured from the adjacent
tissues and the lesion beds (12550/20 s, 370/20 s, and 35/20 s, respectively; p < 0.001).
Conclusion: Radio-guided excision of parathyroid lesions can be performed safely for re-operative
parathyroid surgery.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Background
Primary hyperparathyroidism (pHPT) is the most common cause
of hypercalcemia. The surgical treatment of pHPT involves removal
of abnormally enlarged parathyroid gland(s). Bilateral neck explo-
ration is the gold standard approach for the treatment of pHPT.1,2
Bilateral exploration has a 95% success rate without localizing
studies when performed by experienced endocrine surgeons. Most
authors agree that preoperative imaging studies are helpful in the
recurrent or re-operative setting. The purpose of all preoperative
imaging is to facilitate operative planning. Imaging modalities
should never be used to establish the diagnosis of pHPT.1e3
Re-operation on the neck is technically more demanding than an
initial surgical procedure because of the presence of scar tissue and
distortedanatomy followingthe initial procedure. Even ifapathologic
parathyroid lesion is identiﬁed by preoperative or intraoperative
imaging studies, difﬁcult techniques are required to operate on
patients who have previously undergone neck surgery.4e6þ1 212 5331781.
ciates Ltd. Published by Elsevier LtVarious strategies have been developed to make the surgical
excision of cervical masses easier, including the use of intra-
operative US, wire-guided excision, or intraoperative, ultrasound-
guided dye injection.7e9 We previously described the preoperative
injection of a radiotracer under ultrasound guidance and subse-
quent radio-guided excision of metastatic lymph node(s).102. Aim of the study
In the present study, we aimed to investigate whether radio-
guided excision of pathologic parathyroid lesions allowed us to ﬁnd
affected lesions in patients with neck compartments that had
previously undergone surgery.3. Patients and methods
3.1. Patients
This prospective study included 18 patients with primary
hyperparathyroidism who had previously undergone neck surgeryd. All rights reserved.
Fig. 1. The area of maximum radioactivity.
Fig. 2. Parathyroid adenoma (black arrow) and the count of background activity.
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between June 2007 and June 2010. All patients included in this
study had undergone previous neck surgeries. The causes of pHPT
were solitary parathyroid adenoma, persistent HPT, and recurrent
HPT.
Persistent HPT was deﬁned as the persistence of hypercalcemia
due to hyperparathyroidism within 6 months following the initial
operation. Recurrent HPT was diagnosed by the reappearance of
hypercalcemia after 6 months of normocalcemia. The diagnosis of
pHPT was based on biochemical tests. Ultrasonography (US) and
scintigraphy (MIBI) were routinely used for preoperative localiza-
tion in all patients. The assessment of parathormone (PTH) levels in
suspicious lesions, which was sampled via US-guided, ﬁne-needle
aspiration, was carried out by conﬁrming the presence of para-
thyroid tissue. Parathyroid operations were performed by the same
surgeons in all patients.
In all patients, indirect laryngoscopic examinations were used to
evaluate vocal cord motility both before and after surgery. In cases
of dysphonia with vocal cord injury, indirect laryngoscopies were
performed 1 month and 6 months later. Persistent nerve palsy was
deﬁned as persistent dysfunction and clinical dysphonia that lasted
for 12 months postoperatively.
In all patients, serum calcium and PTH levels were measured
pre- and postoperatively. Serum calcium concentrations were
adjusted for serum albumin. The normal ranges of biochemical
parameters were deﬁned as 8.5e10.5 mg/dl for serum calcium and
10e65 pg/ml for serum PTH. The study plan was reviewed and
approved by our institutional ethical committee, and informed
consent was obtained for all patients.
3.2. Radio-guided parathyroid adenoma localization
Prior to the operations, parathyroid lesions were localized by US
with a high frequency, 10 MHz transducer. Parathyroid, ﬁne-needle
aspiration and PTH assays have been used to discriminate other
tissues from pathologic parathyroid glands. In the current study,
a 20-gauge needle was placed into the center of the lesion under
US, and 99mTc-labelled rhenium colloid was injected directly into
the pathologic parathyroid lesion. The radiotracer was prepared
before the procedure (on the morning of the operation), and
a single 0.2 mL aliquot was drawn into a syringe containing 20 MBq
of 99mTc rhenium colloid as a radiotracer. We preferred to use
Tc-99m in our study because of its lower radioactive emission and
shorter half-life. The risk of radiation exposure to the patient and
the surgeon is negligible with intraoperative administration of
0.5 mCi Tc-99m. The injection of the radiotracer was performed by
an experienced radiologist in the Radiology Department.
3.3. Radio-guided parathyroid excision
An intraoperative, hand-held gamma probe (Navigator, Surgical
g-probe, Auto suture, France) was used to detect tumor foci. An
incision was made at the previous neck incision. Superior and
inferior subplatysmal ﬂaps were created in a standard fashion, and
the neckwas scannedwith the probe to localize the area ofmaximal
radioactivity. This allowed us to make the incision directly over the
lesion. The radioactive area was identiﬁed with a g-probe, and the
‘hot spot’ was shown to correspond to the area of maximum
radioactivity. A mean count was calculated by taking three
measurements from each region, with each of the counts recorded
for 20 s. Careful dissections were carried out by following the areas
of maximum radioactivity until the pathologic parathyroid lesions
were identiﬁed and excised. After the lesions were removed,
radioactivitywasmeasured in the lesion beds to conﬁrm the success
of the operation. The intraoperative measurements of count rateswere obtained frompathologic parathyroid lesions, adjacent tissues
and background activity (Figs. 1 and 2). The weights of all para-
thyroid adenomas that were removed were recorded.
4. Results
4.1. Patients
The mean age of the patients was 44.5  14 years (range: 17e61
years). The female/male ratio was 2.6/1 (n ¼ 13/5). Of the 18
patients, 14 were previously operated on for thyroid disease, and 4
patients received previous operations for pHPT. Of these 4 patients,
2 had persistent HPT and 2 had recurrent HPT. The indications for
thyroidectomy were nodular goiter (n ¼ 9), papillary carcinoma
(n ¼ 3), and Graves’ disease (n ¼ 2). Normal parathyroid glands
were removed in the patients with persistent HPT, but pathologic
parathyroid glands of the patients with recurrent HPT were left in
place during the initial surgery.
4.2. Operations
A total of 18 pathologic parathyroid lesions from 18 patients
were injected with a radiotracer. All of the injected lesions were
detected in the area of maximum radioactivity. During the opera-
tion, all of the injected pathologic parathyroid glands were excised.
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Fig. 3. Lesion, adjacent tissue and backgraound activity.
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higher than the values measured from the adjacent tissues or the
lesion beds (background activity) (12550 counts/20 s, 370 counts/
20 s, and 35 counts/20 s, respectively; p < 0.001) (Fig. 3). There
were no complications related to the injections. Two patients had
preoperative, unilateral vocal cord paralysis due to previous oper-
ations. Persistent and transient vocal cord paralyses were not
encountered in connection with the radio-guided excision of
parathyroid lesions.
Of the 18 patients who were operated on for hyperparathy-
roidism, 6 (33%) had ectopic parathyroid glands. Ectopic glands
were observed in the thymus (n ¼ 2), tracheoesophageal groove
(n¼ 2), carotid sheath (n¼ 1), and paraesophageal space (n¼ 1). All
patients with persistent and recurrent HPT had ectopic parathyroid
glands. The mean adenoma weight was 937  618 mg
(range ¼ 150e2300 mg). Parathyroid adenomas were identiﬁed on
pathologic examination in all patients.
During follow-up, postoperative sixth-month blood tests
revealed that all patients were normocalcemic, and PTH concen-
trations were found within normal ranges. Pre- and postoperative
details are shown in Table 1.5. Discussion
The causes for which patients required re-operative surgery for
pHPT can be divided into three groups: (1) persistent pHPT, (2)Table 1
Characteristics of the patients scheduled for radio-guided excision of pathologic parathy
No Sex, Age,
Pathology
Preop Ca
level (mg/dl)
Preop PTH
level (pg/ml)
MIBI
1 F, 54, perHPT 12.4 480 left side
2 F, 32, perHPT 11.4 1150 left side
3 F, 45, recHPT 13.4 279 left side
4 F, 81, recHPT 11.9 550 right side
5 M, 17, pHPT# 14 379 right side
6 F, 38, pHPT# 12.6 1200 right side
7 M, 29, pHPT# 13.5 780 left side
8 F, 51, pHPT# 11.9 554 right side
9 F, 36, pHPT# 12 1290 left side
10 F, 60, pHPT# 13 470 right side
11 F, 59, pHPT# 12.9 245 right side
12 M, 39, pHPT# 12.5 580 left side
13 F, 21, pHPT# 11.4 365 right side
14 M, 55, pHPT# 13.6 400 left side
15 F, 48, pHPT# 15.5 800 right side
16 F, 55, pHPT# 13 554 right side
17 M, 44, pHPT# 12 980 left side
18 F, 57, pHPT# 12 670 left side
F, female; M, male; perHPT, persistent hyperparathyroidism; recHPT, recurrent hyperp
subsequently develop primary hyperparathyroidism; (E), ectopic localization.recurrent pHPT, and (3) patients who underwent a previous thyroid
surgery and subsequently developed pHPT. Following initial
resection, approximately 1e6% of patients develop persistent or
recurrent pHPT. Persistent pHPT is muchmore commonly observed
than recurrent pHPT (80e90% and 10e20%, respectively). Persistent
or recurrent pHPT is, for the most part, caused by the inexperience
of the surgeon. Supernumerary and ectopic parathyroid tissues are
present in as many as 50% of these patients.4e6
Thyroidectomy is one of the most frequent operations per-
formed for patients with multinodular goiters in iodine-deﬁcient
regions.11,12 Although the incidence of the patients who have
undergone previous thyroid surgeries and who subsequently
develop pHPT is not known, we are frequently confronted with
these patients in our region, where this condition is endemic.
Re-operation in the neck is approached cautiously, given the
increased risk of dissection in scarred tissues, particularly to the
recurrent laryngeal nerve and to the parathyroid glands, and it is
difﬁcult to estimate the location and functional status of the
parathyroid glands. According to the experiences of different
surgeons, RLN palsy and hypoparathyroidism rates vary from 0 to
14% in these patients.13e15
If re-operative, parathyroid surgery is required, the parathyroid
remnant should be located with imaging techniques; however,
there are difﬁculties with these imaging techniques, including
anatomic distortion and dense adhesions that continue in the
patients who have previously undergone neck surgery.4e6
Several additional methods have been recommended to detect
parathyroid lesions, including radio-guided surgery after the
injection of a radiotracer and intraoperative ultrasound.4,5,16,17
There are, however, some pitfalls associated with the use of
these methods. Gamma probe detection of radiolabeled sestamibi
has been used to guide cervical dissection in re-operative para-
thyroid surgery16,17; however, this technique has not gained
widespread acceptance. In patients with negative sestamibi scans,
the gamma probe may not be useful. Some authors have also
discouraged the use of sestamibi scans in such patients because
the existence of thyroid nodules with MIBI uptake usually worsens
the performance of the scan, unless the nodules are found at
ectopic locations.18
The other method that is frequently used to perform secondary
operations on the thyroid is intraoperative US; however, this
method can make it difﬁcult to recognize parathyroid lesions with
extensive scarring. It is necessary to dissect the scarred ﬁeld toroid lesion.
US Operative
ﬁnding
Postop 6 mo. Ca level
(mg/dl)
Postop 6 mo.
PTH level (pg/ml)
right side right side (E) 8 44
left side left side (E) 9 54
left side left side (E) 9 25
right side right side (E) 9 25
right side right side 8 47
right side right side 8 65
left side left side 8 70
right side right side 9 44
left side left side 9.3 32
right side right side (E) 8.8 45
right side right side 9.2 35
left side left side (E) 9.3 30
right side right side 8.6 40
left side left side 8.5 55
right side right side 8 47
right side right side 9 17
left side left side 9 27
left side left side 9 35
arathyroidism; pHPT#, patients having undergone previous thyroid surgery who
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be visualized until the scar tissue is removed because of the dense
areas of scar tissue.4e6
We previously described a series in which preoperative ultra-
sound was used to inject radioactive material directly into affected
lymph nodes. In this series, 99mTc was injected directly into the
center of the suspicious lesion using US guidance. The dissections
were performed following the area of maximum radioactivity until
the metastatic lymph nodes were identiﬁed and excised.10 Inter-
estingly, this method has never been described in re-operative
parathyroid surgery. The use of a gamma probe enabled us to ﬁnd
the relevant area. The gamma count decreased with distance from
the affected area, which made it possible to safely and easily target
and remove the injected parathyroid lesion within the scarred
tissue. This technique also depends on the use of US as a guidance
system.
Tumor foci were easily identiﬁed as being independent of the
parathyroid gland due to the capability of the parathyroid gland to
trap the radiotracer and because the radiotracer was injected
directly into the lesion. This technique requires preliminary iden-
tiﬁcation of a pathologic parathyroid gland by PTHmeasurement in
a ﬁne-needle aspirate washout. Our direct injection technique can
only be performed for lesions that are visible by US. Small para-
thyroid lesions or glands with ectopic localizations are not easily
detected. Therefore, the overall success rate of the technique may
be decreased, and the need to localize the parathyroid lesion by US
may be a disadvantage.
Sippel et al.9 reported the use of intraoperative, US-guided dye
injection into metastatic lymph nodes, which facilitated their
identiﬁcation. In some cases, it can be difﬁcult to recognize the
metastatic lymph nodes that are marked with blue dye, especially
within areas of extensive scarring. With the blue dye technique,
scar tissue must be dissected to visualize the lymph nodes that are
marked with blue dye. An injected node usually appears dark blue,
but lymph nodes usually cannot be visualized because of the dense
scar tissue surrounding it. Reaching the lymph node requires
a difﬁcult dissection. In our technique, we also had to dissect the
scar tissue. The use of gamma probe guidance enabled us to quickly
and easily ﬁnd the relevant area in which the greatest radioactive
signal was observed. Radioactive counts decreased as distance from
the relevant area increased. Therefore, the affected lymph nodes
within the scar tissues were removed safely and easily. The blue dye
technique also depends on the use of US; however, the blue dye
method has never been described in re-operative parathyroid
surgery.
6. Conclusion
Ultrasonography and sestamibi scintigraphy are useful in re-
operations for pHPT. The purpose of all preoperative imaging is to
facilitate operative planning; however, these imaging modalities
are insufﬁcient for solving problems with intraoperative tech-
niques. Although there are some pitfalls, radio-guided excision of
parathyroid lesions can be performed safely during re-operative
parathyroid surgeries.
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